Abstract -"Biotherapies" include both biopharmaceuticals and cell and gene therapies. Biopharmaceuticals are macromolecules created by biotechnologies. In the case of monoclonal antibodies, the starting dose to be given to Humans is difficult to select because there may be no relevant animal model. At the time of registration, the knowledge of the mechanism of action of monoclonal antibodies is insufficient and cohort follow up studies are needed. Genetic predisposition and pharmacokinetics are interindividual sources of variability. Some of the adverse drug reactions are predictable but others are unexpected or even paradoxical. Cell and "ex vivo" gene therapies consist in the manipulation of collected cells and their infusion in autologous or allogenic clinical settings. The methodology of the clinical development of drugs cannot be readily applied to these therapies. On the other hand, "in vivo" gene therapy uses vectors or macromolecules which can be considered as biopharmaceuticals.
Introduction
The objective of Giens 2006 Round Table No . 5 was to answer the following question: can biotherapies be considered to be just like any other drugs? The term "biotherapies" is often used to describe biopharmaceuticals, cell therapy and gene therapy.
• Biopharmaceuticals differ from conventional medicinal products that are small chemically synthesized molecules or molecules obtained by extraction, usually from plants. Biopharmaceuticals are complex macromolecules produced by biotechnologies by genetic manipulation of living organisms. [1] By extension, this terminology is also applied to certain highly purified extraction products (apart from plants): hGH [human Growth Hormone], FSH [Follicule Stimulating Hormone], LH [Luteinizing Hormone], insulin, etc. However, these extractive molecules were not discussed during this round table. In contrast with biological therapies, biopharmaceuticals are inert molecules.
• Cell therapy using haematopoietic stem cells (HSC) differs from medicinal products in that it uses "tailor-made" products, created for a given patient, a field in which few manufacturers are currently involved. For other ex vivo cell therapy and gene therapy products, involving industrial structures, evaluation of the quality of the product is based on reproducibility of the manufacturing process. As for medicinal products, Afssaps (French medicines agency) is responsible for ensuring the quality, reproducibility, safety and efficacy in Man.
During round table preparation meetings, it was decided to:
• focus on therapeutic antibodies and fusion proteins, which are biopharmaceuticals raising specific problems, as this type of biopharmaceutical has been on the market for several years and a very large number of monoclonal antibodies and fusion proteins are currently in the pipeline. A preliminary assessment of these agents is therefore possible and necessary;
• and discuss cell therapy and gene therapy in order to evaluate the difficulties encountered and to evaluate the possibility of applying the same type of clinical development as that used for medicinal products.
Therapeutic antibody and fusion proteins

Preclinical studies
The example of TGN1412 (from TeGenero), which induced serious adverse effects in healthy subjects during a phase 1 study [2] Article published by EDP Sciences and available at http://www.journal-therapie.org or http://dx.doi.org/10.2515/therapie:2007041 was discussed. The audit performed by the United Kingdom Medicines agency did not demonstrate any defect in the preclinical procedure. [3] The animal species considered to be the most relevant was the Cynomolgus monkey, as its antigen CD28 is similar if not identical to that of Man. [4] Very few monkeys were studied (2-3 of each sex), but this is a classical procedure for this type of study. However, a larger number of animals should usually be studied because these monkeys, like Man, present genetic polymorphisms. The relevance of the animal model should also have been tested by a cell biology study on monkey cells. Finally, this antibody is a super-agonist, which distinguishes it from all antibodies currently on the market, designed to inhibit their target or induce cytolytic effects. Knowledge on the biological actions of TGN1412 may therefore have been insufficient.
Antibodies are bivalent molecules: their variable portion binds to the target antigen but the Fc portions also has an action by recruiting immune effectors. Relevant animal models may therefore not exist [5] , due to:
• phylogenetic differences between Man and monkeys, especially with Cercopithecidae like Cynomolgus monkeys, which are frequently studied. These differences indicate the need for greater caution; • transgenic mouse models cannot have, in addition to the human target antigen, the human form of all immune effectors (complement fractions, receptors present on the surface of cytotoxic cells, etc.).
Preclinical studies must therefore be adapted as closely as possible to the supposed characteristics of the therapeutic antibody. Chronic toxicology studies should also be performed more systematically in view of the frequent long-term use of therapeutic antibodies.
Phase I
Due to the limited relevance of animal models, it is difficult to define the first dose to be administered to Man. There are no international recommendations on this point, although it has been the subject of a FDA (food and drug agency) guidance. [6] At the time of the round table, the most recent document was an Afssaps note for guidance issued in September 2006, describing the choice of the first dose, the dose progression methodology and the administration protocol in volunteers. [7] This text indicates that "The first dose administered (...) must not induce any detectable toxic effect in the short term". The first dose can be calculated from the No Adverse Observed Effect Level (NOAEL) or from the No Observed Effect Level (NOEL), measured in the relevant species in terms of metabolism or, for biopharmaceuticals, in terms of pharmacological activity. The first dose to be administered in man is the NOAEL or the NOEL, corrected by an allometric factor for scaling from animals to Man and divided by a safety factor (≥10). In the case of biopharmaceuticals, the Afssaps note for guidance recommends use of the NOEL and not the NOAEL. [7] If the monoclonal antibody is tested in phase 1 immediately in patients, patients must be selected according to expression of the therapeutic target (for example, the efficacy of trastuzumab requires overexpression of receptor HER-2). Nevertheless, the term "targeted therapy" sometimes used to describe therapeutic monoclonal antibodies, does not have any scientific basis. These biopharmaceuticals can have several types of pharmacodynamic effects and various adverse effects, if only because of the presence of the target antigen on various tissues. It therefore does not constitute a more targeted treatment than conventional drugs. Furthermore, for new therapeutic antibodies with an affinity for a known target (a new anti-TNF-alpha [TNF = Tumor Necrosis Factor] or a new anti-CD20), a "me-too drug" logic does not apply: they must be considered to be new biopharmaceuticals because their effects can be very different.
In view of the difficulties involved in the choice of the dose, a complementary scientific expertise, especially immunological, is necessary to identify risks before administration in Man and to help define the first dose to be administered. Phase I should also be longer in order to: (i) gradually increase the doses (sometimes starting with microdoses); (ii) evaluate a longer exposure duration for each dose level; (iii) study patients in more detail (obviously in terms of pharmacokinetics, but also in terms of biological markers); (iv) study administrations on the longer term because of the long half-life of therapeutic antibodies (usually 2 to 3 weeks) and the future chronic administration of the antibody, which is increasingly frequent, as short-term safety is not predictive of long-term safety.
In the case of anticancer biopharmaceuticals, the Optimal Biological Dose must be defined, rather than the Maximum Tolerated Dose used for conventional cytotoxic drugs.
Since the round table, the recommendations of an expert scientific group on phase 1 trials have been published on-line by the United Kingdom Department of Health. [8] 
Clinical development and marketing authorisation
When a Marketing Authorisation is granted, knowledge on the therapeutic antibody is often incomplete as development has generally been accelerated (especially for serious diseases), the mechanism of action has been only partially elucidated (due to the novelty of the target) and the immunological effects (related particularly to its Fc portion) are still poorly defined. For this reason: (i) optimization of its administration (dose and treatment regimen) and possible drug combinations require complementary trials; (ii) the line of treatment can also change and, for example in the case of cancer treatment, move from third-line treatment to second-line and then first-line, or even adjuvant preventive treatment of relapse; (iii) and the role of the target must be re-analysed. This is the case, for example, of cetuximab, which is indicated in the treatment of tumours overexpressing EGFR (epidermal growth factor receptor), while studies showed that this overexpression may not be necessary for its efficacy). [9] 2.4. Evaluation by the Transparency Commission of the "Haute Autorité en Santé" (Health Authority)
During evaluation by the Transparency Commission, and in view of the often rapid development of the biopharmaceutical, it may be difficult to justify the nature of the comparator (often absent or obsolete) and define the magnitude of the population to be treated, as the necessary epidemiological data are often lacking and may be difficult to obtain, especially when they require molecular biology studies (expression/overexpression of a target in a population of patients) or when determining, for example, the number of patients who cannot be treated by chemotherapy.
Phase IV
For the reasons indicated above and for other reasons, such as the presence of other diseases and therefore concomitant treatments or the less standardized follow-up of "non-trial" patients, there will be a difference between the clinical trial populations and the patients actually treated with the therapeutic antibody. Postmarketing follow-up patient cohorts must therefore be established. These studies nevertheless raise a number of problems: the objective of follow-up of the cohort is not always described sufficiently precisely by regulatory authorities and the practitioners involved in the follow-up of these patients may not be familiar with this type of study. Academic scientists stress the value of systematically establishing biological collections for pharmacogenetic and biological marker studies in order to improve knowledge of the biopharmaceutical.
In fact, studies have shown that the efficacy of rituximab (anti-CD20), [10] infliximab (anti-TNF-alpha) [11] and an anti-RhD monoclonal antibody developed for the prevention of foetomaternal alloimmunization, [12] are influenced by polymorphisms of Fc receptors, and especially FcγRIIIa, i.e. by the subject's genetic constitution. These genetic factors account for part of the interindividual variability of response to therapeutic antibodies and could therefore be used for individual tailoring of treatment. Another source of variability of response between patients is the interindividual pharmacokinetic variability observed for monoclonal antibodies and fusion proteins as for "conventional" drugs. [13] Part of this variability is related to weight or can be explained by the development of antibodies directed towards the therapeutic antibody, observed for example with infliximab [14] and rituximab. Drug interactions also exist, as concomitant treatment with methotrexate increases infliximab concentrations in patients treated for rheumatoid arthritis. [15] However, the great majority of this pharmacokinetic variability remains unexplained. [16, 17] It is relevant, as the patients with a better clinical response to infliximab, [14, 16] etanercept, [18] rituximab, [19, 20] or alemtuzumab [21] are those with the highest serum concentrations. Patients treated by these biopharmaceuticals could therefore benefit from individual dose adjustment based on therapeutic drug monitoring when concentration-effect relationships have been more clearly defined.
The adverse effects of therapeutic antibodies were discussed in the light of the example of anti-TNF-alpha agents, which present two characteristics: cytokine inhibitors and therapeutic antibodies with immunological effects because of the Fc portion. Some adverse effects are predictable, such as reactivation of tuberculosis, development of cancers in the long term, etc., but some adverse effects are unexpected (Gram-positive bacterial infections, cancers occurring soon after starting treatment), or even paradoxical (demyelinating diseases, psoriasis, vasculitis, etc.). Prescribers must therefore be given sufficient information and the current information could be improved, as:
• animal studies and pharmacokinetic studies should be described in more detail in SPC (summaries of product characteristics);
• continuing medical training must be reinforced in this field;
• more rapid changes of SPC would be useful when new data on the biopharmaceutical relevant to prescription or patient follow-up are acquired.
Cell therapy and gene therapy
This subject was discussed in less detail by the round table. This term actually corresponds to two distinct fields: ex vivo cell and gene therapies and in vivo gene therapy.
Ex vivo cell and gene therapies
The cells, obtained from a sample or a donor, are manipulated, possibly genetically modified, conditioned and finally reinjected into the patient. The gene modification can be, for example, introduction in the T cells lymphocytes of a donor, of a suicide gene able to transform at the intracellular level ganciclovir into a nucleosidic analog in order to prevent graft versus host disease Table I . Therapeutic antibodies compared to conventional medicinal products.
Points in common Differences
Development
They are drugs
Routes of administration Parenteral
Clinical use Existence of drug interactions Immunogenicity
Existence of adverse effects Immunotoxicity secondary to Allogeneic Stem Cell Transplantation. Cell therapy except for mainly HSC transplantation, is still at the proof of concept stage and it is difficult to apply the methodology of the various phases I, II or III of clinical drug development. However, the conditions for initiation and development of this cell therapy are now defined by European Directives which consider that most products, either autologous or allogeneic, are medicinal products. In view of the specificity of these products, technical guidelines are currently being elaborated at the European level. This field does not include HSC and certain cell preparation intended for a limited number of patients, for which the regulatory framework remains specific to each country.
In vivo gene therapy
In vivo gene therapy consists of the administration of viral or non-viral vectors in order to genetically modify cells. This type of treatment, still in the experimental stage, was therefore not discussed in detail by the round table. This therapy is based on the use of vectors or macromolecule with a perfectly defined structure which can therefore be considered as biopharmaceuticals.
Conclusion
The participants of the round table recommend avoiding use of the generic term "Biotherapy" in order to clearly distinguish biopharmaceuticals from cell therapy and gene therapy. In the field of biopharmaceuticals, the round table essentially discussed therapeutic antibodies and fusion proteins and a number of recommendations concerning these agents can therefore be proposed. A summary of the common points and differences between therapeutic antibodies and conventional medicinal products is proposed in Table I .
The design of phase I studies and other phases of development must be revised due to the limited information provided by preclinical studies. A complementary scientific expertise, especially immunological, is necessary during preclinical and clinical development.
Finally, the first Marketing Authorisation represents only the beginning of the knowledge on the therapeutic antibody, as it is also necessary to:
• combine biological collections with cohort follow-up;
• perform complementary studies in order to more clearly define the place of the biopharmaceutical in treatment and its modalities of prescription;
• ensure prescriber information in order to improve individual patient follow-up. 
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